Differential effects of mechanical strain on osteoclastogenesis and osteoclast-related gene expression in RAW264.7 cells.
Mechanical strain plays a critical role in the formation, proliferation and maturation of bone cells. However, little is known about the direct effects of different magnitudes of mechanical strain on osteoclast differentiation. The aim of the present study was to investigate how the fusion and activation of osteoclasts can be regulated by mechanical strain magnitude using the RAW264.7 mouse monocyte/macrophage cell line as an osteoclast precursor. Mechanical strain (substrate stretching) was applied via a 4-point bending system when RAW cells were treated with macrophage colony-stimulating factor (M-CSF) and receptor activator of nuclear factor-κB (RANK) ligand (RANKL) for an indicated period of time. The numbers of tartrate-resistant acid phosphatase-positive (TRAP+) and apoptotic cells were counted. The expression of TRAP, matrix metalloproteinase-9 (MMP-9), RANK, cathepsin K and carbonic anhydrase II (CAII) was measured by semi-quantitative RT-PCR, and immunocytochemistry staining for RANK was performed. We found that the number of nuclei per osteoclast derived from RAW cells decreased under low magnitude mechanical strain and increased under high magnitude strain within physiological load with an enhanced fusion of TRAP+ osteoclasts, compared to the control with no mechanical strain. The expression of RANK mRNA was downregulated by low magnitude strain and beyond physiological load, while it was upregulated by high magnitude strain within physiological load, correlating with the increased expression of RANK examined by immunocytochemistry, suggesting the mechanical regulation of RANK expression. There was also an increase in the expression of MMP-9 mRNA in the groups subjected to a mechanical strain of 2,000 and 2,500 µε. No significant differences were detected in the expression of TRAP mRNA, cathepsin K and CAII under mechanical strain compared to the control under no strain (0 µε). These findings indicate that low-magnitude strain suppresses osteoclast fusion and activation, while high-magnitude strain within physiological load promotes osteoclast fusion and activation related to a mechanical magnitude-dependent response of RANK expression. These data, therefore, provide a deeper understanding of how different magnitudes of mechanical strains exert their effects on osteoclastogenesis.